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In an oligonucleotide monolayer formed on a metal
substrate surface, an oligonucleotide deriv. (I; R = H,
thiol-protecting group; Rl = H, Cl1-3 alkyl; E =
nucleic acid base; X =S, O; Y = H, OH; m = 1-20;

n .gtoreq.8) is bonded to the metal substrate surface
through the S atom. This oligonucleotide monolayer is
suitable for a DNA sensor and as a material for mol.

devices. Thus, I (R=Rl1 =Y =H, X =S, E = 9-adenyl, m = 4, n =

11) (IX) was prepd. by the solid phase method using a Applied
Biosystems oligonucleotide synthesizer. A Si wafer
sequentially coated with 250.ANG. Cr and 15,000.ANG. Au vapor

deposition films was dipped in a soln. of 0.05 mM II and 0.5 .mu.M

dodecanethiol in EtOH for 24 h, pulled out from the soln., and
washed with EtOH to five an oiiguuuzlzstide monolayer with
thickness 19.ANG. and contact angle (}20) $S.degree..
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(54) Title of Invention: Oligonucleotide Monomolecular Film
(57) (Summary)
(Purpose) To present a monomolecular film suitable for use as functional material for DNA sensors

and molecular devices, etc.

(Composition) The subject is a monomolecular film formed on the surface of a metal substrate,
which is an oligonucleotide monomolecular film having a structure in which a compound with an

intramolecularly oligonucleotide structure is bonded to a metal substrate via sulfur atoms.

(Effect) Monomolecular films are presented as useful for employment as materials for DNA sensors

and molecular devices, if they are monomolecular films composed of compounds that have

oligonucleotide structures.
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(Scope of Patent Claim)
(Claim 1) The subject is a monomolecular film formed on the surface of a metal substrate,
and is an oligonucleotide monomolecular film having a structure in which a compound with

an intramolecularly oligonucleotide structure is bonded to a metal substrate via sulfur atoms.

(Claim 2) The oligonucleotide monomolecular film referred to in Claim Item 1 is derived from
the oligonucleotide shown in General Formula I below.
(Chemical Substance 1)

AU (N S
R-S-£ CRY4970-P-01-CH

(|)H[ m.. R [I]

[Formula I caption:] (In this formula, R indicates the hydrogen or thiol protective group; R!
indicates the hydrogen or carbon numbers 1-3 alkyl group; E indicates the nucleic acid base; X
indicates S or O; Y indicates hydrogen or OH; m indicates the integers 1-20; n indicates integers of
8 and higher.)

[handwritten:] n=8

" (Detailed Explanation of the Invention)
(0001)
Range of industrial use: The said invention concemns an oligonucleotide monomolecular film

suitable for use as a DNA sensor and molecular device material.

(0002)
Previous technology: There have already been reports regarding alkylthiol and monomolecular
films of its derivatives. As an example of monomolecular films of alkylthiol derivatives, the

substance shown in General Formula II below was reported as a component substance in J. Am.
Chem. Society, Vol. 111, pp. 321-335 (1989).
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(0003)
(Chemical Substance 2)

HS4CH, M e (0]

[Formula 2 caption:] (In this formula, r indicates 8,10, 11, 15, 17, or 21; M indicates —CH;, -CH=
CH,, -COOH, halogen atom, -CO,CH;, or -CN.)

(0004)

Problem that the invention intends to solve: The alkylthiol derivative shown above in General
Formula II did not have, as subsitutional group M, a functional group that could be usefully
employed as a DNA sensor and molecular device, etc. Accordingly, it would be difficult to say that

monomolecular films composed of this alkylthiol derivative would be suitable for these uses.

(0005)

The objective of the said invention was, 'taking into accdunt the previous circumstances enumerated
above, to present a monomolecular film that would be composed of compounds that had an
intramolecular oligonucleotide structure suitable for use as a functional material for DNA sensors

and molecular devices, etc.

(0006)

Means for solving the problem: The oligonucleotide monomolecular film referred to in Claim Item
- 1 is characterized in that it is a monomolecular film formed on the surface-of a metal substrate, and
that it is an oligonucleotide monomolecular film having a structure in which a compound with an

intramolecularly oligonucleotide structure is bonded to a metal substrate via sulfur atoms.

(0007) _
The oligonucleotide monomolecular film referred to in Claim Item 2 is the monomolecular film
referred to in Claim Item A, and has the characteristic that it is derived from the oligonucleotide

shown in General Formula I below.
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(0008)
(Chemical Substance 3)

" _'i;-,js{'-cxzfa;);O-g-o“ CHy-
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[Formula I caption:] (In this formula, R indicates the hydrogen or thiol protective group; R'
indicates the hydrogen or carbon numbers 1-3 alkyl group; E indicates the nucleic acid base; X
indicates S or O; Y indicates hydrogen or OH; m indicates the integers 1-20; n indicates integers of
8 and higher.)

(0009)

As a result of diligent and repeated research, for the purpose of presenting the said invention as a
monomolecular film that is suitable for use as a functional material for DAN [sic] sensors,
molecular devices, etc., the inventor of the present invention found that a monomolecular substrate
whose structure included an oligonucleotide structure was suitable for use as a DNA sensor,

molecular device, etc., and the said invention was realized.

(0010)

The said invention is explained in detail below.

(0011)
The nucleic acid base indicated as E in General Formula 1 above is a nucleic acid base cited as an

appropriate choice from among the group consisting of adenine, guanine, thymine, cytosine, etc.

(0012)
For the thiol protective group R, the triphenylmethyl group, etc. for which it is acceptable to have
substitution groups such as the acetyl group, 2-tetrahydropyranyl group, or alkoxy group, is cited.

(0013)
Integers of 8 and higher are indicated above by n, but it is difficult to obtain reagents for values of n

that are too high, such as 20 or higher. As a rule, a value of 10-18 is desirable.

(0014)
Among the oligonucleotides concerned with the said invention, those for which R is the protective

group may, for example, be produced according to the following process.

(0015)
(Chemical Substance 4)
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- ' o (CHz)ch '
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_ oo
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'ﬂ[’mn_—;-»‘n-s—(-ca —)—o—-{>—o+xp)-—x H
L
(0016)

*40* (Chemical Substance 5)
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(In each of the steps A-D, R, R!, X, n and m are the same as in General Formula I above.

-(Kp)m K— appears in General Formula Ias:

-Support indicates the oligonucleotide’s support medium in the DNA automatic synthesizing

mechanism.)

(0017)

Among the steps enumerated above, Step A is carried out at a temperature of 20-25° C, in a solvent
such as methylene chloride, in the presence of diisopropylamine, etc. Steps B, C, and D are usuaily
carried out in the DNA automatic synthesizing mechanism. Step B is, for example, carried out in
acetonitrile. When X is S, Step C is carried out using tetraethylthiuram disulfide as the reagent;

when X is O, iodine is used as the reagent. Step D is carried out using a base such as ammonia.

(0018)
In said General Formula 1, Oligonucleotides for which the R is hydrogen are obtained, as a general
rule, by inducing elimination of protective groups from oligonucleotides obtained as described

above.

(0019)

When R is H in General Formula I above, the monomolecular film of the said invention, composed
of these kinds of oligonucleotides, can be produced by a method based on the method published in
the aforementioned J. Am. Chem. Society, Vol. 111, pp. 321-335 (1989). When R in General

Formula I above is a thiol protective group, the monomolecular film can be produced as follows.
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(0020)

That is, dissolve the oligonucleotide shown in General Figure I for the invention in question in a
solvent of ethanol, ethanol/water (buffer), acetonitrile/water (buffer), etc.; add acids such as
dichloroacetic acid, metansulfonic acid, para-toluenesulfonic acid, pyridine salt, etc. to the solution,
and remove the thiol protective group from the solution; without either extracting or extracting and
purifying the thiol, immerse in the solution a substrate having a surface of heavy metal, such as pure
gold, silver, or copper; leave it there for a period of 1 hour to 3 days, at 10-50° C, and then
withdraw the said substrate; by this means the monomolecular film of the said invention can be
made to form on the said substrate. In this case, phenols such as phenol, cresol, etc. can be used as

acceptors of the protective groups.

(0021)

In addition, mixed monomolecular films can be formed, which include other alkylthiol derivatives
together with the oligonucleotide for the monomolecular film of the said invention. For example,
the alkylthiol derivative shown in General Formula IX below is cited as an alkylthiol derivative that

can be used in this way.

(0022)
(Chemical Substance 6)

I_IS_GCI.L)T_Z - . . esesss- [KJ

[Formula IX caption:] (In this formula, t indicates integers 8-18; Z indicates alkyl group, halogen

atom, hydrogen, cyano group, etc.)

(0023)
Use: Monomolecular films are presented as useful for employment as materials for DNA sensors
and molecular devices, if they are monomolecular films composed of compounds that have

oligonucleotide structures.
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(0024)

(Embodiments) In the examples of implementation cited below, the invention in question will be
more concretely explained. Insofar, however, as use does not substantially exceed the uses cited, the

invention in question is not limited to the embodiments cited below.

(0025) _
Embodiment 1: Synthesis of an oligonucleotide (Ia) such that R = H,R!'=H, E = adenine, X=8S,Y

=H, m = 4, and n = 11 in General Formula I above

A: 246 mg of compound (IIIa) such that R = acetyl group, R! = H, and n = 11 in General Formula
III above, 355 mg of the compound shown in Structural Formula IV above, and 386 mg of
diisopropylamine were dissolved in 8 ml of methylene chloride, and allowed to react for 1 hour at
20-25° C. |
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(0026)

The reaction solution was extracted with ethyl acetate. Column chromatography was performed
with the extracted solution as a carrier for silica gel, and with n-hexane-chloroform-triethylamine
(in a capacity ratio of 4.5:4.5:1) as the developing solution. 397 mg of compound (Va) were
obtained, such that R = acetyl group, R! = H, and n = 11 in General Formula V above. The results of

analysis of this substance were as follows.

(0027)
'"H NMR (CDCl;), TMS normal, 300 MHz

1.18 (m, 12H), 1.27 (m, 14H), 1.58 (m, 4H), 2.32 (s, 3H), 2.64 (t of d, 2H), 2.86 (t, 2H), 3.60 (m,
4H), 3.80 (m, 2H)

3C NMR (CDCl;), 75 Hz

20.34, 24.58, 25.91, 28.78, 29.00, 29.12, 29.28, 29.42, 29.48, 29.52, 30.62, 31.19, 42.95, 58.29,
63.71, 117.66, 196.00.

3P NMR (60%H;PO,, exterior) 109.25 Hz
-147.7

B-D: Carried out reactions in the DNA synthesizing mechanism.

(0028)

In the DNA synthesizing mechanism, compound (Va) above was made to react in acetonitrile with
compound (VIa) for which E was adenine, Y was H, and m was 4 in General Formula VI above.
Compound (VIIa) was obtained, with R = acetyl group, R' = H,n=11, m =4, Y = H, and E. =
adenine in General Formula VII above. Tetraethylthiuram disulfide was made to react with this
compound (VIIa), and compound (VIIIa) was synthesized such that R = acetyl group, R' =H, n =
11,m=4,X=S,Y =H, and E = adenine in General Formula VIII above. When this compound

(VIIla) was treated with aqueous ammonia, the protective acetyl group was removed, and the
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oligonucleotide (Ia) was obtained which was the objective.
(0029)

This series of reactions was carried out according to the methods published in Applied Biosystems
User Bulletin 58-2 (1991).

(0030)

The results of the analysis of the oligonucleotide (Iz) obtained using high performance liquid

chromatography were as follows.

(0031)

Column C-18 Negative phase column gradient (line)
Solution A:.0.0S M ammonium acetate

Solution B: acetonitrile

Gradient Program

Start: A95% + B5%

- After-30:minutes: A40% + B60%

- After 37.66 minutes: A0% + B100%
Detected wavelength: 260 nm
Temperature: 25° C

The retention time under the above conditions was 20 minutes.

(0032)
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Creation of the monomolecular film

0.05 mM of the oligonucleotide (Ia) referred to above and 0.05uM of dodecanethiol were dissolved
in ethanol. A 1.2 cm x 1.2 cm substrate with an Au surface (a 1.2 cm x 1.2 cm silicon wafer onto
which a 250 A coating of Cr, and on top of that a 15000 A coating of Au had been deposited) was
immersed in the combined solution for 24 hours at 25° C. After that, the substrate was removed,

washed with ethanol, and the monomolecular film of the said invention was obtained.
(0033)

The results of analysis for the monomolecular film obtained are as follows.

Coating (Measured by ellipsometry): 19 A

Contact angle (water): 6°

(0034)
Effectiveness of the invention: As indicated by the detailed account above, monomolecular films
are presented as extremely useful industrially for use as DNA sensors and molecular devices, if they

are oligonucleotide monomolecular films of the said invention.
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